Introduction
Since feed-grade antibiotics became available to the swine industry in the mid-1950s, research has shown that dietary inclusions of these antimicrobial agents improve growth rate and feed efficiency of nursery pigs. Recently, considerable discussion has been focused on the potential of antimicrobial resistance and its potential ties to feeding antimicrobial agents to swine. The push to eliminate use of antimicrobial agents for growth promotion is a primary objective of the swine industry. Many swine producers have shared their concern with possible production losses caused by the elimination of antimicrobial agents' use in swine diets, particularly in the nursery phase. Thus, we conducted this experiment because of three critical points. First, as consumers rightfully become more concerned, major retailers and meat producing companies are taking a proactive stance on antibiotic-free pork. Secondly, several classes of feed additives have been postulated to be able to replace antimicrobial agents in nursery diets. These include, but are not exclusive to the following classes of compounds; phytogenic additives (essential oils), yeast and yeast cell walls, pharmacological levels of trace minerals, and combinations of these additives. Lastly, because of initial research by Feldpausch we hypothesized that feeding a combination of these feed additives would provide a direct comparison to a popular feed antimicrobial, carbadox, on nursery pig performance. Therefore, the objective of this experiment was to compare the growth performance of nursery pigs fed diets containing carbadox and different dietary supplements that are commonly fed as antibiotic alternatives (pharmacological levels of Zn and Cu, essential oils, and yeast), alone or in combination with each other.
Procedures
This trial was conducted as a follow-up study to Feldpausch with the primary objective of evaluating the potential impact of different types of feed additives used as antibiotic alternatives in replacing antimicrobial agents. This report describes the growth performance of nursery pigs and the effects of antibiotic alternatives on growth performance.
The protocol for this experiment was approved by the Kansas State University Institutional Animal Care and Use Committee. The study was conducted at the K-State Swine Teaching and Research farm nursery in Manhattan, KS.
A total of 288 nursery pigs (Line 200 × 400; DNA, Columbus, NE; initially 11.8 lb BW) were used in a 42-d study with 4 pigs per pen and 8 replications per treatment. Each pen had one 4-hole self-feeder, metal tri-bar flooring, and a nipple waterer to provide ad libitum access to feed and water. Pigs were weaned at approximately 21 d of age. Allotment divided the pigs into heavy and light blocks based on initial BW. Pigs were grouped to achieve equal average pen weights. Based on d 0 weights, pigs were randomly allotted to 1 of 9 dietary treatments in blocks by barn location. The 9 dietary treatments consisted of a corn-soybean meal-based diet and were arranged with treatments of pharmacological trace minerals with added Cu from copper sulfate (CuSO 4 ; 0 vs. 125 ppm Cu) and added Zn from zinc oxide (ZnO; 0 vs. 3,000 ppm Zn from d 0 to 7 and 2,000 ppm Zn from d 7 to 28), essential oil blend from XTRACT 6930 (Capsicum oleoresin 2%, carvacrol 5%, cinnamaldehyde 3%, Pancosma North America, Drumondville, Quebec, Canada) from d 0 to 28 at 2 lb/ton, Safmannan A (Yeast cell walls, Lesaffre Yeast Corporation, Milwaukee, WI) from d 0 to 28 at 0.5 lb/ton, Actisaf HR (yeast cells, Lesaffre Yeast Corporation, Milwaukee, WI) from d 0 to 28 at 1.5 lb/ ton, and carbadox (Mecadox®, Phibro Animal Health, Teaneck, NJ) from d 0 to 28 at 50 g/ton. Equivalent amounts of corn were replaced with treatment diet to form the experimental treatments.
The experimental diets were fed from d 0 to 28. Phase 1 experimental diets were a pelleted ration fed from d 0 to 7 (Table 1). All diets had an acidifier (Kem-Gest, Kemin, Des Moines, IA) at 0.4 lb/ton added to diets during the Phase 1 period. Phase 2 experimental diets were fed in meal form, from d 7 to 28 (Table 2) . From d 28 to 42, pigs were fed a common Phase 3 meal feed diet, ( Growth data were analyzed as a randomized complete block design using PROC GLIMMIX in SAS with pen as the experimental unit. The model included the main effect of Cu from CuSO 4 , Zn from ZnO, essential oils from XTRACT 6930, yeast from Safmannan A and Actisaf HR and carbadox, and weight block as a random effect. The Kenward-Roger adjustment was used for denominator degrees of freedom. Differences between treatments were determined by using the p-value difference option. Least squares means were considered significantly different at P ≤ 0.05 and a trend at P ≤ 0.10.
Results and Discussion
During Phases 1 and 2 of the experiment (d 0 to 7 and 7 to 28), pigs fed carbadox proved to have increased ADG (P < 0.05) compared to pigs fed a non-medicated control diet. This resulted in greater d-28 BW (P < 0.05). When carbadox was removed and pigs were fed a common diet from d 28 to 42 there was no significant difference in ADG (P > 0.05) compared to pigs fed a non-medicated control diet, ending in no effect overall from d 0 to 42 by carbadox. Carbadox did not improve feed efficiency during the entire experimental trial (P=0.08).
During the experimental treatment period, yeast alone or essential oils alone did not improve (P > 0.05) growth performance compared to those fed a non-medicated control diet. However, pigs fed pharmacological trace minerals (Cu and Zn) alone had similar growth performance to those fed carbadox during d 0 to 28 (P > 0.05). Additionally, pigs fed pharmacological levels of trace minerals in combination with yeast, essential oils or in combination with both yeast and essential oils also showed comparable (P > 0.05) growth performance to those pigs fed carbadox during Phases 1 and 2. Throughout the common diet phase from d 28 to 42, there were no differences in ADG, ADFI, and F/G for any dietary treatments. Overall, d 0 to 42, ADG, ADFI, and F/G of pigs fed pharmacological trace minerals alone had equal (P > 0.05) growth per-formance with those fed carbadox. However, pigs fed pharmacological levels of Zn and Cu outperformed control pigs during this period. These trace minerals alone increased d-42 weights (49.4 lb.), compared to carbadox-fed pigs with d-42 weights (47.1 lb). The overall positive effects of combining Zn and Cu resulted in an average of a 5 lb per pig increase in weight at d-42 post-weaning compared to pigs fed control diets.
Typically, nursery pigs are fed a diet containing an antimicrobial agent. We fed carbadox to nursery pigs and found a consistent improvement in growth performance compared to pigs fed a non-medicated diet. However, feeding antibiotics to pigs is under increased scrutiny. Thus, our industry must research dietary ingredients that could be used as antibiotic alternatives.
Pharmacological levels of Cu and Zn are typically added during different dietary phases of the nursery period. Typically, Zn is added to diets fed to nursery pigs during early nursery period (d 0 to 14) and Cu during the later period (d to 14 to 42). Zinc oxide (ZnO) is the most common form of added dietary Zn, while Cu most commonly comes from copper sulfate. In our current experiment, we added zinc oxide and copper sulfate in combination to diets for nursery pigs. Pigs fed the Zn and Cu combination had equal to or even greater performance to pigs fed carbadox. In addition, pigs fed the zinc oxide and copper sulfate combination were over 5 pounds heavier (P < 0.0081) at the end of the nursery phase (d-42) compared to pigs fed a non-medicated control diet.
Finally, we investigated the effects of two popular ingredients that have been postulated to enhance nursery pig growth performance, as possible antibiotic replacements. When feeding yeast or essential oils alone or in combination, we found no consistent effects on nursery pig growth performance. Finally, we fed yeast or essential oils in combination with the mineral-supplemented treatment (CuSO 4 and ZnO). No further benefit in growth performance was seen, beyond the benefits of adding supplemental Cu and Zn, was found by adding yeast or essential oil. The benefits in growth performance was nearly entirely due to Zn and Cu supplementation during the feeding trial on nursery pigs.
In summary, we are optimistic that under the conditions of this experiment that a mineral combination of zinc oxide and copper sulfate could be an effective replacement for carbadox in diets fed to nursery pigs. Yeast and yeast cell walls were added as (1.5 lb/ton of Biosaf-HR; 0.5 lb/ton Safmannan).
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Pharmacological trace minerals; Cu from CuSO 4 was added to treatment diets at 0 vs. 125 ppm, and Zn from ZnO at 3,000 ppm from d 0 to 7 and 2,000 ppm from d 7 to 28.
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Essential oils were added as XTRACT 6930 at 2 lb/ton (Capsicum oleoresin 2%, carvacrol 5%, cinnamaldehyde 3%, hydrogenated rapeseed oil 90%) from d 0 to 28.
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Mecadox® was added at either 0 or 50 g/ton from d 0 to 28.
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Caloric efficiency is expressed as kcal per pound of live weight gain. ¹A total of 288 nursery pigs (DNA Line 200 × 400; initially 11.8 lb BW) were used in a 42-d study with 4 pigs per pen and 8 replications per treatment. ²Phase 1 Experimental treatment diets were fed from d 0 to 7. Supplements were added to diets as seen on Table 1 . ³Phase 2 Experimental treatment diets were fed from d 7 to 28. Supplements were added to diets as seen on Table 2 .
